We report high-resolution (R = 30 000, 45 000 and 75 000) echelle and medium-resolution (R = 22 000 and 10 000) spectroscopic observations of is a post-AGB F supergiant. For the high-mass binary model, the modelled radial velocity curve deviates significantly from the observations.
primary to the secondary. Distance measurement made by Hipparcos (650 pc, Perryman et al. 1997) and in turn an estimate of intrinsic luminosity of the primary does not favour a high-mass star model. However, Hipparcos distance estimate has significant error and it was argued based on the interstellar absorption and reddening that the distance to ǫ Aur is 1500 pc (Guinan et al. 2012 ), which will set a large intrinsic luminosity for the system and indicates a high-mass star system. Though this issue is not yet resolved, it is now clear that ǫ Aur is a binary system for which the brighter F0Ia component can be less massive than its companion (Parthasarathy & Pottasch 1986 ).
Disks are among most common astrophysical systems. The ǫ Aur disk has been described variously as thick (Huang 1965) or thin, flat or twisted, opaque or semi transparent, fully solid or possessing a central hole. Hoard et al. (2012) showed that their photometric data obtained with the Herschel Space Observatory are consistent with a cool disk model. Similar results were found from their 2-D radiative transfer modelling of the dusty disk by . They also discussed that the disk is not continuous, but has a void of radius 2 AU at its centre. If the low-mass star model suits for ǫ Aur system, then it offers an unique opportunity to study in detail a new class of disks which are associated with post-AGB stars.
ǫ Aur shows a shell spectrum during the eclipse which manifests itself by the presence of additional absorption lines arising from the optically thin outer atmosphere of the disk.
Numerous absorption lines are seen in the optical spectrum of ǫ Aur which showed significant variation during the recent eclipse (Leadbeater et al. 2012) . The vast majority of the primary's lines are accompanied by one or two velocity shifted absorption components formed as the light of F0Ia star passes through the neutral gas in and around the disk. These spectral lines which show absorption due to the disk and display spectral variation during the eclipse can be very useful tools to trace the disk structure and to derive its parameters.
The low-excitation K I line at 7699Å is one of the key spectral lines to understand the disk as, unlike other lines mentioned above, this line was absent (except the interstellar component) in the out-of-eclipse spectrum of the F0Ia star and shows systematic variation in strength during the eclipse phase (Parthasarathy 1982 , Parthasarathy & Lambert 1983a ,b,c, Lambert & Sawyer 1986 , Leadbeater et al. 2012 . This line has been used to study the disk structures (Leadbeater & Stencel 2010; Potravnov & Grinin 2013) . Gas associated with the secondary is most clearly traced by the K I resonance lines at 7664 and 7699Å originated from in and around the disk shaped secondary. The stronger line at 7664Å is generally blended with strong telluric lines of O 2 . It was also discussed that several low-excitation lines of Fe peak elements like Cr I, Sc I, Ti I are most likely shell lines which can be used to trace the disk structure (Sadakane et al. 2013) . However, unlike the K I at 7699Å , these shell lines are not present in the spectra throughout the eclipse. Fe I lines appear from the mid-eclipse to the third contact and Cr I lines are present from third contact to fourth contact. All other lines appear only for a very short duration near the third contact (see also Fig. 4 of Sadakane et al. 2013) .
In this paper we study the variations shown by the shell lines K I at 7699Å (excitation potential 1.6 eV; K I line hereafter), Fe I at 5110.435Å and 5434.53Å (excitation potential 1.01 eV; Fe I lines hereafter) and Cr I at 5345.807Å and 5348.326Å (excitation potential 1.00 eV; Cr I lines hereafter) in their strength, line profile shape and in their radial velocity using high-and medium-resolution spectroscopic observations obtained during the 2009 -2011 eclipse. We also present the variation shown by the Na D and Hα lines. Using these results we construct a model for the eclipse of ǫ Aur and derive the geometrical parameters of the disk. We further constrain the masses of the stellar components using our model and discuss the evolutionary status of ǫ Aur and the origin of its disk.
OBSERVATIONS AND DATA REDUCTION
The high-resolution spectroscopic observations used in this study were obtained from a fibre fed echelle spectrograph, attached to the prime focus of the Vainu Bappu Telescope (VBT) located at the Vainu Bappu Observatory, Kavalur, India. The echelle spectra in the 4000Å to 9000Å wavelength region were recorded on a 4k × 4k CCD detector with a pixel size of 12 µm. These observations were taken in stable and clear sky conditions with exposure times varying from 3 to 15 minutes for each spectrum. We have recorded 52 echelle spectra during December 2010 to April 2012. Our spectra hence were taken before the third contact (27 February 2011) to the end of the eclipse (26 August 2011). In addition, some spectra were recorded during eight months period after the end of the eclipse. Most of the spectra (33 of 52) were taken with the slit mode giving a spectral resolution of ∼ 75 000. Some of the spectra (19 of 52) were obtained in the slit-less mode which gives a resolution of 30 000.
75 000 is the highest spectral resolution ever obtained on this object during its 2009 -2011 eclipse.
These data were reduced and analysed with a pipelined data analysis steps using IRAF software. We have taken the following data reduction sequence: bias subtraction, flat fielding, scattered light subtraction, spectral extraction and wavelength calibration. The wavelength calibration was done using Th-Ar comparison spectra which were taken along with ǫ Aur observations. The observed velocities are then converted to the helio-centric values. The telluric lines present at different spectral locations were used to find the error in our radial velocity calibration. The maximum error in radial velocities in the slit mode derived from un-blended lines is found to be 78 m sec −1 and for the blended lines we have employed multiple gaussian fitting which leads to a maximum error of 100 m sec −1 in this observing mode. Spectra taken in the slit-less mode has a maximum error of 320 m sec −1 for the un-blended lines and for the blended lines the maximum error is 400 m sec −1 . The signalto-noise ratio of our observations varies from 200 to 400. Table 2 lists the measurements of K I line equivalent widths and radial velocities obtained from VBT data.
We have combined these observations with 247 measurements of the K I line equivalent widths and radial velocities made by Leadbeater at Three Hills Observatory (THO) using a LHIRES III spectrograph (with a spectral resolution of R = 22 000) with 200 mm and 280 mm telescopes. The measurements cover the full eclipse period from 29 May 2009 to 21 March 2012 which are listed in Table 3 . In this line, a constant interstellar component is blended with the system component for most of the eclipse. This was removed before measuring the line parameters (based on measurements made outside the eclipse). Further details of the data reduction can be found in Leadbeater et al. (2012) . In addition, we have included the values of equivalent widths and radial velocities of K I lines measured from 47 high-resolution (R = 45 000) spectra (after removing the interstellar component) obtained by Potravnov & Grinin (2013) using MAESTRO echelle spectrograph attached to the 2 m telescope at the Terskol Observatory (TO). -2011 and available on-line at www.threehillsobservatory.co.uk/epsaurspectra.htm. The spectra were recorded using eShel echelle spectrographs at a resolving power R = 10 000 (www.shelyak.com). Telescope aperture was 280 mm (Buil, Thizy) and 355 mm (Garrel).
For the Na D 2 line, the equivalent width and radial velocity values from Gorodenski (2012;  observations made with a spectral resolution of R = 18 000) were included in our study.
Spectral line variations
All the spectral lines presented in this study from three different observatories show significant variation in line profile shape and in radial velocity during the eclipse. A time series of a few selected spectra taken near K I, Fe I 5110Å , Fe I 5440Å Cr I, Hα and Na D lines are shown respectively in Fig. 1, Fig. 2, Fig. 3 , Fig. 4 . Fig. 5 , and in Fig. 6 . In addition, also shown in the figures are the spectra taken at these lines after the end of the eclipse (on 7 April 2012) for comparison. All the spectra shown in the figures were taken using VBT echelle spectrograph with a spectral resolution of 75 000. Interstellar absorption components were well resolved and hence were not removed from these spectra.
K I line and other shell lines
The shell lines were seen in the spectrum only during or near the eclipse. The K I line was present throughout the eclipse and was seen even after the eclipse for a few months.
This line shows a blue asymmetry until 18 February 2011, and this asymmetry breaks into two blended components thereafter. The line profiles are increasingly blue shifted until 18
March 2011 (near the third contact), then onwards the trend becomes opposite (see Sadakane et al. (2013) . Unlike the K I line, the other three shell lines do not show any noticeable line profile asymmetry. These lines were seen in the spectra only for a short duration near the third contact in our data and also in the archive.
This was also noted by Sadakane et al. (2013) .
Hα and Na D lines
The Hα absorption line profiles are broad and display several sub-structures during the eclipse (see Fig. 5 ). Spectra which were obtained after the eclipse show relatively narrower line profiles with no noticeable sub-structures. Hα line profiles are mostly asymmetrical; the violet wing of the profile shows a steep fall and the red wing gradually increases to the continuum level. The variation shown by these profiles is quite complex during the eclipse.
The Hα absorption line profile consists of both photospheric and shell components. Weak emission components are often seen at the violet and at the red edges of the absorption profile. The red edge emission component is relatively brighter than the violet edge component.
The Hα absorption component also shows variability outside the eclipse phase (Guangwei et al. 1994) . The interpretation of Hα line profile variation during the eclipse hence needs to take the variations outside the eclipse into account. For example, the complex behaviour of the Hα line during the eclipse was examined by Chadima et al. (2011) after subtracting the mean out-of-eclipse profile. As it can be seen from the spectra shown in Fig 6 , the Na doublet lines are quite broad (and some are possibly saturated) during the eclipse and do not have sharp dip. Unlike the Hα line, these absorption lines have a more symmetrical structure and do not show any sub-structures. They also do not have emission components at the edges of the absorption lines.
Analysis
To understand the disk structure, we have analysed the variations shown by the shell absorption lines in their radial velocities (RVs), equivalent widths (EWs) and in full-width at half-maxima (FWHMs) during the eclipse. The values of these parameters were measured after fitting a continuum to the spectrum using a polynomial regression model. The beginning and the end points of a line are defined where the line is judged to come in contact with, or cross through the estimated continuum. The split seen in the K I line near the third contact was not taken into account for our analysis and we have considered this as a single line with mean velocity of its components. The wavelength, EW and FWHM of a symmetrical line profile were obtained by making a gaussian fit. Wherever an asymmetry is seen in the line profile we have employed multi-gaussian fitting method and the mean position of the velocity components was taken to estimate the RV. The EW of individual components were quadratically added to get the total value. The width of a line profile at its half maximum is taken as the FWHM, for both symmetrical the asymmetrical profiles.
In the following sections we discuss the variations shown by these parameters for different spectral lines during the eclipse. The K I line is strong enough throughout the eclipse so that we could measure these parameters in all the spectra. However, the other shell lines show re-measured from the spectra obtained by Potravnov & Grinin (2013) after the subtraction of the interstellar component.
Equivalent Width variation
The EW at a particular phase of eclipse measures the quantity of absorbing matter in A . The estimated uncertainty in EW measurements from VBT spectra, as arrived from repeated measurements, is less than 4% for the K I and Na D lines. The error could be larger (upto 7%) for the Fe I, Cr I lines as their absorption strengths are weak.
The K I line is nearly, but not quite optically thin during the eclipse. The EW curve of the K I line shows a dip before 25 December 2010 (see Table 2 ), which was not covered by VBT observations. The VBT data do not cover the second contact when the EW reached its first maximum and the mid-eclipse phase where it reached a dip. The second contact as seen from the K I line observations of THO was on JD 2455250 and the EW on this date is 0.476Å . The closest point to the second contact in the TO data is on JD 2455275 on which the measured EW is 0.4Å . The mid-eclipse seen in the K I line had occurred on 27
July 2010 (JD 2455405) as it is seen from the spectroscopic data of the THO (see Table 3) when the EW has a value of 0.332Å . The EW steeply rises to 0.860Å on 20 Feb 2011 (JD 2455613), which is the nearest point we have to the third contact in the VBT data (see Table 2 ). The third contact, as seen from the spectroscopic data of THO, was on 26 Feb 2010 (JD 2455619) on which the measured EW was 0.796Å (see Table 3 ). This disk-origin EW decreases gradually then after to a lowest value of 0.100Å on 14 December 2011 (JD 2455909) in the VBT data, and a value of 0.114Å on JD 2455888 in the TO data. In the THO data, the lowest EW value originated from the disk is 0.021Å which was obtained on show a smooth pattern and they display jumps at various eclipse phases. This indicates a non-uniform neutral gas density distribution and presence of sub-structures in and around the disk (see also Leadbeater et al. 2012) . However VBT observations show that the positions of these jumps in EW curves are not same for K I, Fe I, Cr I and Na D 2 lines.
Radial Velocity variation
The RV at a particular phase of the eclipse measures the mean velocity of the absorbing material of the disk in front of the F0Ia star, projected along the line-of-sight. This includes the orbital motion of the disk around the centre of mass of the binary system and the rotation motion of the disk around the unseen secondary star. The radial velocity curve can be used to deduce the rotation curve of the disk, as near the mid-eclipse the line-of-sight projected orbital velocity will be negligible but the observed RV of the disk is still larger than the RV of the F0Ia star. The variation of RV against the Julian date during the eclipse for the three shell lines and Na D 2 line considered in this study are shown in Fig. 8 .
The RV curves of K I and Na D 2 lines show similar trend: both show their lowest values around JD 2455613 (near the third contact) in VBT data and it increases there after.
However, the lowest RV seen in these lines are different: -41.42 km s −1 for K I line (see Table 2 ) and -24.12 km s −1 for Na D 2 line. The lowest RV obtained from the THO data at K I line was on JD 2455649 which is -40.5, and on the third contact (JD 2545619) its value is -38.6 (see Table 3 ). As the VBT data do not cover the second contact, the maximum value of RV could not be obtained. The minimum RV observed for the Fe I line is -45.5 km s −1 which occurred on JD 2455649
(near the third contact). The minimum RV measured for the Cr I line was on the same date.
Its value is -46.8 km s −1 , which is a little larger than the value shown by the Fe I line.
Both the Fe I and Cr I lines show minimum velocities which are lower than that observed for the K I line, however, the minimum velocities of these two shell lines were seen 30 days after the occurrence of the minimum velocity of the K I line. These findings are in good agreement with Sadakane et al. (2013) . The RV curve derived from the K I line (Fig. 8) shows maximum and minimum values which are not symmetric with respect to the radial velocity of the binary system (-2.26 km s −1 ) as also can be seen in Fig. 6 of Sadakane et al. (2010) . This radial velocity asymmetry is also seen in the RV curve of the Na D 2 line ( Fig. 11) , however, not as large as it is seen for the K I line. A possible explanation for this asymmetry is discussed in section 4.2.
Full-Width at Half-Maximum variation
The FWHM traces the broadening of the spectral lines at a particular phase of the eclipse.
The variations of the FWHM against the Julian date are shown in Fig. 9 for the three shell lines and the Na D 2 line considered in our study. The FWHM measured from the K I line and the Na D 2 line decrease to their minimum values which had occurred near JD 2455900
(about three months after the end of optical eclipse) and they increase then after. The minimum value of FWHM seen for the K I line is 0.286Å and for the Na D 2 line it is 1.02Å
. 
A GEOMETRICAL MODEL FOR THE ECLIPSE OF ǫ AUR

Model Description
We attempt here to understand the trends shown by the EW and the RV curves of the shell lines of ǫ Aur during the eclipse using a geometrical model and analytically solving the line parameters in the optically thin limit. Using this model we further try to constrain the disk geometrical parameters and the stellar masses of the binary system. In this model we assume that the disk is cylindrical in shape in which gas is distributed uniformly. We do not address here the disk sub-structures shown by the spectral lines, however, to understand the trends shown by the EW and RV curves of the shell lines this can be sufficient. The gas in the disk is in Keplerian rotation around the star located at the centre of the disk.
This assumption establishes a relation between the RV due to the disk rotation, the size (2010) showed that the angular diameter of the opaque disk size of the photosphere and this assumption is appropriate.
As the disk passes in front of the F0Ia star, neutral gas which is present in the disk column overlapping the line-of-sight cone absorbs the continuum flux from the F0Ia star (primary) producing the observed shell lines. The thickness of the disk is taken to be constant. The total light absorbed by an infinitesimal cell element at a position x and y from the central star (secondary) of the disk (x is normal and y is parallel to the line of sight), is hence
where, K is a constant and ρ(x, y) is the density of the cell. Integrating this value over the line-of-sight column will give the total EW. The integration limits of y are from
The integration limits of x depends on the line-of-sight cone size of the primary, which in turn depend on the distance. But the computed value is normalised with respect to the peak value and the distance does not constrain on the shape of EW curve. The variation of EW with the phase of the eclipse as the disk moves in front of the F0Ia star produces the EW curve.
The radial velocity of an infinitesimal cell element is contributed by its line-of-sight projected Keplerian velocity around the secondary (v r,disk ), the line-of-sight projected orbital velocity of the secondary around the centre of mass of the binary system (v r,sec ) and the system radial velocity (v r ). We included a constant value v of f set to fit the RV curve (see also section 4.2). If m 1 and m 2 are respectively the masses of the primary and the secondary, the RV of a cell element at a distance d from the centre of the disk which makes an angle δ with the line-of-sight is
where,
The line-of-sight projected orbital velocity of the secondary around the centre of mass can be found as follows. The disk comes along the line-of-sight to the primary during the mid-eclipse and the model requires that the secondary is in its apastron point of its orbit around the centre of mass of the binary system during the mid-eclipse (fitting EW and RV curves could not be achieved otherwise using the allowed variable parameters). The distance from the focus to the apastron of the secondary's elliptical orbit with a period P and an eccentricity e is given by
A similar relation for the primary can be obtained by interchanging m 1 and m 2 . The radial distance (r sec ) and the velocity (v sec ) of the secondary at an angular location θ (measured from a f to the radial vector to the centre of mass; the angular location of the primary
The angle between this velocity vector and the line perpendicular to the radial vector ψ is given as
The line-of-sight component of the secondary's orbital velocity is hence
The density-weighted values of v r,disk of the cell elements along the line-of-sight cone has a peak value, which depends on D in , D out and the density function. This is added with v r,sec , v r and v of f set to get the observed radial velocity at any instant. The time variation of RV as the disk eclipses the primary gives the observed RV curve. The primary moves in the opposite direction with the same angular velocity of the secondary with respect the the centre of mass. The ingress and egress times of the eclipse take this into account. Fig.   10 shows the variation of line-of-sight integrated radial velocity components of v r,disk ,v r,sec
and their addition against the eclipse phase. As it can be seen from equations 1 to 8, only the disk geometrical parameters, the radial density function and the stellar masses are used to fit the RV curve and the shape of the EW curve. If the angular diameter of the optical disk is known accurately, then the distance is given from the disk linear diameter derived from the model. Further, the masses of the stellar components depend on the distance (higher mass for a larger distance) due to the observed luminosity of the primary and the binary mass function.
Hence, the distance is implied by the outcome of the model, though it is not an input variable.
D in and D out constrain both the EW and RV curves. As it can be seen from equation 2., the RV curve is also determined by the secondary mass. The diameter of the disk is related to r sec and also to a f as the eclipse phases are fixed and hence the EW is indirectly connected to the primary to the total stellar mass ratio. The RV curve is strongly stellar mass dependent.
If the geometrical and density parameters are constrained from the EW curve then fitting the RV curve will constrain the secondary mass. The variable parameters of our model are input values of the stellar masses allowed by the mass function, the semi-major axis of the secondary's orbit was calculated using the orbital period. From this, the apastron radius and in turn the radial velocity were estimated as described above. This was exercised for different sets of allowed stellar masses to reach a best fit to the observed RV curve using the disk inner and outer diameter derived from the EW fit.
Model results
Different models were computed to fit the EW and the RV curves of K I, Fe I and Na D 2 lines during the eclipse. For the Fe I line, significant absorption was seen from the mid-eclipse to the end of the eclipse. We could not fit these curves for the Cr I lines, as discussed earlier, these low-excitation lines appear only for a very short duration near the third contact and there are no sufficient data points available tracing the full eclipse phase to perform a model fit. The best-fit model EW and RV curves are plotted against their observations in Fig. 11 and their model parameters are listed in Table 6 . As it can be seen in Fig 11, given by the mass function, is 2.5 M ⊙ . The model for a higher primary mass of 12 M ⊙ was also calculated and are presented in Fig 11. While the EW curves are the same for these two models (as the geometrical parameters are the same), the RV curve of the high-mass star model shows a large deviation from the observations (see Fig. 11 ) suggesting a low-mass binary system. relative position of the primary put stringent conditions on the value of a f and in turn the size of the disk. Large a f will allow a large disk but can also change the beginning of the eclipse earlier and the end of the eclipse later than observed. For the high-mass stars, our model EW curve constrains that the disk can not be larger than 1.1 times the disk size required for the low-mass star model. But the RV curve requires this factor should be about 2. Hence our model fit to the EW and the RV curves of the shell lines during eclipse, within its assumptions, favours a low-mass star binary for ǫ Aur. Taking into account of the enhancement of s-process elements reported by Sadakane et al. (2010) , the F0Ia primary is most likely in post-AGB stage of evolution.
DISCUSSION
Disk structure
As mentioned earlier, the EW curves of the K I and other shell lines show jumps at different locations. This indicates that the disk is not homogeneous and fine structures with density jumps are present in the disk. Presence of rings and gaps in the disk plane were suggested earlier by Leadbeater & Stencel (2010) . Leadbeater et al. (2012) have discussed in detail on the jumps observed in the K I line EW curve in terms of different structures present in the disk. The ingress region of the disk deviates significantly from an uniform-disk model,
showing an asymmetry in the disk column density between the ingress and egress (see also Ake 2006 , Parthasarathy & Frueh 1986 ). The gas column density at the trailing edge found from our model is roughly twice that of the leading edge. Further, the spectral lines are seen in our data (both from VBT and THO) with measurable strength of EW until JD 2456010, when the primary F0Ia star should be far clear from the disk. This indicates that the disk material does not come to an end abruptly after the fourth contact and the disk may have a halo which is significantly larger than its diameter. As noted earlier, the FWHM curve also shows the presence of gaseous matter around the disk after the end of the photometric eclipse. It was noted by Leadbeater et al. (2012) that the EW of the K I line gradually increased before the eclipse, for nearly the same duration as seen after the eclipse. This shows that with the K I line we are seeing through the full thickness of the disk atmosphere and the line profile has contributions from all depths within the absorbing region at a given phase of the eclipse.
The difference in the observed minimum velocity and a delay of 36 days in the time of occurrence in our measurements between the K I line and the Fe I and Cr I lines indicates that the K I line originates relatively in the outer regions when compared to the other two lines in the rotating disk. This is also brought out from our models (see Table 6 ). The time delay was also noticed earlier by Sadakane et al. (2013) , though the value found by them is 40 days. The occurrence of Fe I and Cr I lines for only a short duration may imply that these elements are present only in a limited region.
Ake (2006) obtained F USE far-UV spectrum of ǫ Aur which show rich emission line spectrum due to low-lying lines and he discussed one possibility of the emission was due to resonance scattering of photons in the disk from an occulting hot source. Griffin & Stencel (2013) studied the blue and near-UV spectra of ǫ Aur obtained during the recent eclipse.
They have also studied 130 digitized historic spectra from Mount Wilson (dating back to 1930) and from the DAO (dating from 1971). They found precise repetition of disk-related spectral line changes during the three successive eclipses of ǫ Aur. They conclude that the structure of the disk does not alter appreciably on a time scale of a century. They find that the disk is having an extensive and optically thin outer layer and a flat structure that is tilted near to edge on. Interferometric (CHARA + MIRC) imaging decisively identified the eclipse-causing object to be an opaque disk. The He I 10830Å line near the mid-eclipses phases clearly indicates that there is hot object at the centre of the disk which was earlier suggested by Parthasarathy & Lambert (1983d) based on the analysis of UV (IUE) spectra during the 1982 -84 eclipse.
The evolutionary nature of ǫ Aur system
One of the long standing and key unresolved question of the ǫ Aur system is whether the F0Ia star a low-mass star or a high-mass star. The choice between these two not only shows the evolutionary status of the binary components, but also constrains the nature of the disk.
Following arguments were put forward to support these two cases.
High-mass model for ǫ Aur
The Hipparcos distance to ǫ Aur of 650 pc is quite uncertain and a reliable distance estimate is very essential to address the evolutionary nature of the system. Distance estimates using other methods like the spectroscopic method, pulsation theory, membership in an OB c 2014 RAS, MNRAS 000, 1-??
K I 7699Å and related shell lines during the recent eclipse of ǫ Aurigae 19 association, etc., as discussed by Carroll et al. (1991) , were also made and they indicate the distance to be upto 1.3 kpc. Guinan et al. (2012) derive a distance of 1.5 kpc based on the interstellar absorption and reddening. The large distance and hence the large absolute luminosity of the F supergiant supports the high-mass star model (Lissauer & Backman 1984 , Guinan et al. 2012 ). In addition, the semi-regular light variation of the F0Ia star resembles to those found in luminous A-F supergiants (Carroll et al. 1991) . The high-mass star advocates that ǫ Aur has a proto-planetary disk. Accurate determination of the mass function indicates that a primary of 12M ⊙ should have a corresponding secondary of mass 11 M ⊙ . The major problem with the high-mass star model is that the secondary is highly under-luminous for its mass of 12M ⊙ . To explain this luminosity problem, Lissauer & Backman (1984) proposed that the central object in the disk is a close binary where the total mass is equally shared by the binary components. Such a configuration can be stable if the close binary had a separation of 5 AU (Pendleton & Black 1983) . However, as discussed by Hoard et al. (2010) , the disk should be 95% transparent in this case for the minimum possible circumstellar and interstellar reddening of E(B − V ) = 0.45 for ǫ Aur and thus the disk can not eclipse the F0Ia star. Our present study of the K I line EW and RV curves during recent eclipse shows that the EW curve does not allow the disk size to be very large as required by the RV curve, and the models we worked out do not favour high-mass for ǫ Aur. Eggleton & Pringle (1985) proposed the F0Ia star to be a low-mass post-AGB star to account for the luminosity problem of the secondary. The low-mass star advocates that ǫ Aur has an accretion disk. Earlier discussion on the low-mass star model given by Takeuti (1986) . Analysis of the radial velocities by Lambert & Sawyer (1986) showed a mass for the secondary between 3M ⊙ to 6M ⊙ , supporting a low-mass primary. Similar conclusion was also arrived by from their accurate two micron CO radial velocity measurements.
Low-mass model for ǫ Aur: the case of post-AGB object
The interferometric images of ǫ Aur during ingress were published by Kloppenborg et al. (2010) which showed that the eclipsing body is an opaque disk which was modelled as a cylinder. The mass ratio of the primary to the secondary obtained by them from binary solution is 0.62 which constrains a lower-mass for the F0Ia primary of ǫ Aur. Stencel (2013) summarized the results from the extensive multi-wavelength observations of ǫ Aur during the recent eclipse. showed from their CO infrared molecular line observations of F0Ia star that the isotopic abundance ratio of 12 C/ 13 C = 10 ± 3 indicating a late evolutionary stage for the primary. The material in the disk seems to be over abundant in 13 C and rare-earth elements which may be the result of accretion and/or mass transfer during the AGB and post-AGB stage of the primary (see Griffin & Stencel 2012; Stencel 2013 ). Mourard et al. (2012) by Parthasarathy & Pottasch (1986) . High-mass model of F0Ia star cannot explain the over abundance of s-process elements. For high-mass F0Ia star, by the time it evolves for third dredge up and s-process overabundance to occur, carbon burning will takes place and it will become a Supernova (Iben & Renzini 1983) . During the stable evolution of massive stars third dredgeup and s-process nucleosynthesis does not occur (Maeder 1993 , Martins 2014 ). suggested from their 2-D radiative transfer modelling of ǫ Aur disk that the grains in the disk of ǫ Aur are most likely amorphous carbon, and it is quite unlikely that silicate dust is present in the disk. This indicates that the dust in the disk was processed and does not show interstellar composition and hence it is not a proto-planetary disk. They concluded that the disk was formed from mass transfer and/or accretion from the C rich post-AGB star (during slow-wind and/or super-wind massloss phase on the AGB, the mass-loss rate estimated by Castelli (1978) from the P-Cygni profiles is ∼ 10 −7 M ⊙ /yr) to its main sequence companion. They have also suggested very extended gaseous envelope around the F0Ia star. Griffin & Stencel (2013) have discovered that the disk is receiving from the F0Ia primary a very confined stream of material that is c 2014 RAS, MNRAS 000, 1-??
of the eclipse. Griffin & Stencel (2013) conclude from their study that the F0Ia primary may be a horizontal branch star.
The above mentioned recent results on ǫ Aur system indicate that the F0Ia star is a post-AGB star. Modelling of the EW and the RV curves during the recent eclipse carried out in our study supports that it is a low-mass binary system. We argue that the disk of ǫ Aur was formed very recently when the post-AGB primary filled its Roche lobe and transferred mass to the secondary, first suggested by Eggleton & Pringle (1985) .
CONCLUSIONS
We present high-resolution (30 000 & 70 000 from VBT and R = 45 000 from TO) and medium resolution (22 000 from THO and 10 000 from archive) spectroscopic observations of the eclipsing binary ǫ Aur taken during 2009-2011 eclipse. Strong variability in the shell spectral lines were seen both in their line profile shape and in their radial velocity. Lowexcitation lines of Fe I and Cr I appear only for a short duration near the third contact.
Non-uniformity in the disk structure is clearly seen from the EW and FWHM variations of the K I line. It is also observed that the shell lines are present in the disk much after the end of the optical eclipse indicating an extended halo around the disk. Using a geometrical model, we fit the EW and RV curves of the K I derived from 346 data points, Fe I lines and the Na D 2 line obtained from our data and from the archival data. The model for the K I line shows that the shell absorption occurs in a transparent atmosphere of diameter 8.9 AU around an opaque disk of diameter about 5.8 AU. It constrains that the ǫ Aur binary system has low-mass constituents with the F0Ia primary having a mass of 2.5 M ⊙ and the mass of the hot star at the centre of the disk is 5.4 M ⊙ . Our results and the overabundance of s-process elements found by Sadakane et al. (2010) constrain that the F0Ia primary is a post-AGB star.
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